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This degree of dryness permits the conclusion of the global 
circulation originally proposed by Brewer is correct





A “stratosphere fountain,” or area where air enters the 
stratosphere for the troposphere, is postulated
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TTL review

• understanding the annual and interannual 
variations in H2O!

• trends in H2O?!
• other constituents
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Schoeberl et al., ACP, 2012



Schoeberl et al., ACP, 2012
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Randel and Jensen, Nature Geosci., 2013

Aura MLS data @ 390 K
“sideways taperecorder”



Fueglistaler and Haynes, JGR, 2005
updated in Fueglistaler et al., JGR, 2013



20

Cold trap
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QBO



Giorgetta and Bengtsson, JGR, 1999; Randel and Gaffen, JGR, 2000;!
Geller et al, JAS, 2002 

J. Urban, S. Lossow, G. Stiller, and W. Read, EOS, 2014
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% change in H2O mixing ratio from combined MLS + AIRS data set!
Liang et al., JGR, 2011
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Enhanced
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Enhanced

COOL



J. Urban, S. Lossow, G. Stiller, and W. Read, EOS, 2014



Randel et al., JGR, 2006; Dhomse et al, ACP 2008

J. Urban, S. Lossow, G. Stiller, and W. Read, EOS, 2014



Randel et al., JGR, 2006; Dhomse et al, ACP 2008

J. Urban, S. Lossow, G. Stiller, and W. Read, EOS, 2014
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S. Davis, SWOOSHMLS!
monthly avg. anomalies!
82 hPa (18 km)!
30°N-30°S avg.



• Multivariate linear least-squares fit:!
• H2O* = a QBO + b BD + c ΔT + r!
• QBO = QBO index (NOAA CPC)!
• BD = tropical avg. 82-hPa heating rate anomaly!
• ΔT = 500-hPa tropical avg. temperature anomaly!
• BD & ΔT come from MERRA and ERAi !
• r = residual
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R2 = 0.7

Dessler et al., PNAS, 2013



Dessler et al, PNAS, 2013
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Dessler et al., PNAS, 2013



Fueglistaler et al., 2009: The tropical tropopause layer, Rev. Geophys., 47, RG1004, doi:
10.1029/2008RG000267.

surface warms

tropospheric water vapor!
increases

more warming



Fueglistaler et al., 2009: The tropical tropopause layer, Rev. Geophys., 47, RG1004, doi:
10.1029/2008RG000267.

surface warms more warming

stratospheric water vapor!
increases
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Ten data sets covering the period 
1954-2000 are analyzed to show a 
1%/yr increase in stratospheric water 
vapor
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… the changes and stratospheric 
water vapour may have contributed, 
since 1980, a radiative forcing which 
enhances that due to carbon dioxide 
alone by 40%.





Trends in strat. H2O

• increase in H2O entering the stratosphere!
• increase in CH4 entering the stratosphere!
• increase in fraction of CH4 oxidized in 

stratosphere
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Hegglin et al., Nat. Geosci., 2014
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No evidence of trend in H2O through the TTL!
Strongly subject to endpoint effects
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No evidence of trend in H2O through the TTL!
Strongly subject to endpoint effects

This casts doubt on the idea that stratospheric!
water has been increasing at 1%/year
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Massie et al., JGR, 2013



Massie et al., JGR, 2013
Schoeberl and Dessler, ACP, 2011



Aerosol-Clouds-Water Vapor Interactions

Using Aura MLS and MODIS data, Su et al. (2011) found that polluted ice clouds over Asia have 
smaller effective radius (Re), higher temperature (T) and water vapor (H2O) than clean clouds in the 
tropical tropopause layer (TTL), indicating a warming and moistening effect on air entering the 
stratosphere by the pollutants in Asia. Thus, the increasing aerosols in Asia may have significant 
impact on stratospheric water vapor, ozone chemistry and global radiative balance.

Su, H., J. H. Jiang, et. al., Observed increase of TTL temperature and water vapor in polluted 
clouds over Asia, J. Climate, 24, 2728-2736, 2011. 
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Temperature, ozone and CO in the tropical lower stratosphere

CO inverted scale

ACP, 2012

Coupled variations in tracers reflects  
influence of tropical upwelling 

Wang, T., W. J. Randel, A. E. Dessler, M. R. Schoeberl, and D. E. Kinnison (2014), Trajectory model 
simulations of ozone (O3) and carbon monoxide (CO) in the lower stratosphere, Atmos. Chem. 
Phys., 14, 7135-7147, doi: 10.5194/acp-14-7135-2014.



Conclusions
• Aura’s measurements have improved our 

understanding of the TTL!
• We have an improved understanding of 

H2O regulation!
• Long-term 1%/yr increase is increasingly 

doubtful!
• Other constituents play a key role in 

understanding TTL dynamics!
• Lots of things I didn’t talk about
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